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PATENT* 

Docket No: 150.00610105 *\ 

METHODS FOR USE IN FORMING A CAPACITOR AND 
STRUCTURES RESULTING FROM SAME 

Field of the Invention 

The present invention relates to fabrication of semiconductor devices. More 
particularly, the present invention relates to methods for forming capacitors with 
low leakage current. 

Background of the Invention 

Capacitors are the basic energy storage devices in-memory cells of memory 
devices such as random access memories (e.g., dynamic random access memory 
(DRAM) devices, static random access memory (SRAM) devices, and ferroelectric 
random access memory (FeRAM) devices. Generally, such capacitors consist of 
two conductive elements (e.g., metal or polysilicon plates), which act as the 
electrodes of the capacitor (i.e., the storage node electrode and the cell plate 
capacitor electrode). In the capacitors, the electrodes are insulated from each other 
by a dielectric material. 

The ability to densely pack storage memory cells while maintaining required 
capacitance levels is a crucial requirement of semiconductor manufacturing 
technologies if future generations of expanded memory array devices are to be 
successfully manufactured. As memory devices increase in memory cell density, it 
is necessary to decrease the size of circuit components, such as capacitors. Thus, 
there is a continued challenge to maintain sufficiently high storage capacitance 
while decreasing cell area. It is desirable that each capacitor possesses as much 
capacitance as possible. Preferably, such capacitors should possess at least about 20 



x 10- 15 farads/cell, and more preferably at least about 60 x 10 15 farads/cell, of charge 
storage capacity. 

The capacitance of a capacitor is dependent upon the dielectric constant of 
the dielectric material between the electrodes of the capacitor, the distance between 
the electrodes, and the effective area of the electrodes. One way to retain (or even 
increase) the storage capacity and decrease its size is to increase the dielectric 
constant of the dielectric layer of the storage cell capacitor. The dielectric constant 
is a value which is characteristic of a material. Generally, the dielectric constant is 
proportional to the amount of charge that can be stored in a material when it is 
interposed between two electrodes. Further, generally, the dielectric constant is the 
ratio of the capacitance having a given dielectric material to that of the same 
capacitor having only a vacuum as the dielectric material. 

Various high dielectric constant materials have been utilized in capacitors. 
For example, metal oxides such as Ti0 2 , W0 2 , Ta 2 0 5 , BST, and Al 2 0 3 have been 
used. Further, other relatively high dielectric constant materials include silicon 
nitride (Si 3 N 4 ) and silicon dioxide/silicon nitride composite layers. As used herein, 
high dielectric constant materials include any materials used for capacitor dielectrics 
having dielectric constants of about 10 or more. 

However, a major problem arises in the implementation of high dielectric 
constant materials for use in capacitors, such as DRAM capacitors. Generally, for 
example, after capacitors have been formed using conventional processes for the 
fabrication of a wafer including many memory devices, various other layers are 
formed relative to the capacitors to complete the wafer being fabricated. For 
example, interconnect layers are deposited, insulative materials are deposited, 
coatings are applied, etc. Many of such layers require the use of high temperatures 
(e.g., about 400°C to about 1000°C) relative to ambient temperature. For example, 
such post capacitor formation processes may include an annealing or a densification 
step at a relatively high temperature for a particular material which has been 



deposited, or further may include the alloying in a hydrogen atmosphere of a 
complete or almost complete wafer near the end or at the end of wafer processing. 
As a result of such thermal cycling, e.g., alloying in hydrogen at a relatively high 
temperature, high dielectric constant materials exhibit loss of oxygen or reduction of 
such materials during such post capacitor formation thermal cycling. Such a loss of 
oxygen results in electrically leaky films. 

Summary of the Invention 

High dielectric constant materials used in capacitors exhibit a loss of oxygen 
or reduction of such materials during post capacitor thermal cycling resulting in 
undesirable effects. For example, it is believed that with the loss of oxygen in such 
high dielectric constant materials, a conductive path along grain boundaries of the 
materials is created; the conductive path being an undesirable short circuit path from 
electrode to electrode. As such, the capacitor exhibits a relatively high leakage 
current. The present invention uses materials having excess oxygen to reduce such 
oxygen reduction effects. Such excess oxygen materials or films act as a steady 
supplier of oxygen atoms during post capacitor formation thermal cycling. As such, 
oxygen consumed during post capacitor formation thermal cycling does not degrade 
the performance of the capacitors. 

A method for use with the formation of a capacitor according to the present 
invention includes providing a capacitor structure by forming a first electrode on a 
portion of a substrate assembly, forming a high dielectric material over at least a 
portion of the first electrode, and forming a second electrode over the high dielectric 
material. Another layer is formed over at least a portion of the second electrode. 
The portion of the substrate assembly on which the first electrode is formed and/or 
the layer formed over the second electrode are formed of an excess oxygen 
containing material. 



In one embodiment of the method, the excess oxygen containing material 
includes an ozone enhanced material deposited using an ozone enhanced chemical 
reaction. In another embodiment, the ozone enhanced material is a doped ozone 
enhanced material. Preferably, the ozone enhanced material is an ozone enhanced 
tetraethylorthosilicate material. The ozone enhanced tetraethylorthosilicate material 
may be doped ozone enhanced tetraethylorthosilicate material, such as doped with 
boron and phosphorous in a concentration ranging from 0 percent to about 5 percent 
boron and 0 percent to about 8 percent phosphorous. 

In a method for use in forming a memory cell having a capacitor according 
to the present invention, the method includes providing a capacitor having a first 
electrode, a second electrode, and a high dielectric material between the first and 
second electrode. The capacitor is sandwiched between two regions with at least a 
portion of at least one of the two regions being formed of an ozone enhanced oxide 
material. Thereafter, one or more post capacitor formation layers during one or 
more thermal cycles are formed relative to the capacitor. An oxygen concentration 
of the high dielectric material is substantially maintained during formation of the 
one or more post capacitor formation layers. 

A capacitor structure according to the present invention includes a first 
electrode formed on at least a portion of a substrate assembly, a dielectric material 
on at least a portion of the first electrode, a second electrode on the dielectric 
material, and a layer formed over at least a portion of the second electrode. The 
portion of the substrate assembly on which the first electrode is formed and/or the 
layer formed over the second electrode is an excess oxygen containing material. 

Brief Description of the Drawings 

Figure 1 is a schematic illustration of an integrated circuit structure including 
a capacitor in accordance with the present invention. 
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Figure 2 is a schematic illustration of a container cell capacitor structure in 
accordance with the present invention. 

Figure 3 is a schematic illustration of a planar cell capacitor structure in 
accordance with the present invention. 

Figure 4 is a schematic illustration of a stacked cell capacitor structure in 
accordance with the present invention. 

Figure 5 is a schematic illustration of a trench cell capacitor structure in 
accordance with the present invention. 

Detailed Description of the Embodiments 

The present invention is directed to capacitors used in any integrated circuits, 
for example, in memory devices such as DRAM devices, SRAM devices, etc. As 
shown in Figure 1, integrated circuit structure 10, such as a memory device 
structure, includes a semiconductor substrate assembly 12. Capacitor 13 is formed 
relative to the semiconductor substrate assembly 12. 

As used in this application, "semiconductor substrate assembly" refers to 
either a semiconductor substrate such as the base semiconductor layer, e.g., the 
lowest layer of silicon material in a wafer, or a silicon layer deposited on another 
material such as silicon on sapphire, or a semiconductor substrate having one or 
more layers or structures formed thereon or regions formed therein. When reference 
is made to a substrate assembly in the following description, various process steps 
may have been previously utilized to form regions/junctions in semiconductor 
substrates thereof. It should be apparent to one skilled in the art that scaling in the 
figures does not represent precise dimensions of the various elements illustrated 
therein. 

Integrated circuit structure 10 further includes post capacitor formation 
layers 19. When a reference in this application is made to post capacitor formation 
layers, it is apparent to one skilled in the art that such post capacitor formation 



layers may include one or more layers, regions, structures, or any other materials 
formed relative to capacitor 13. Various process steps may be utilized in the 
formation of such post capacitor formation layers. For example, such layers may 
include other capacitor structures, interconnect structures, insulative layers, other 
wafer coatings, etc. It will be apparent to one skilled in the art that various process 
steps may be utilized to form such layers and that such layers may be of any shape, 
size, configuration, etc. In the processing of such post capacitor formation layers 
19, the integrated circuit structure 10, including the capacitor 13, undergoes various 
thermal cycling. For example, the integrated circuit structure 10 may undergo 
thermal annealing to density a BPSG layer, such post capacitor formation layers 
may be deposited at a high temperature relative to the formation of the capacitor 13, 
and, further, the integrated circuit structure 10 (e.g., a wafer including many 
memory devices) may undergo an alloying process in an atmosphere of hydrogen at 
or near the end of the wafer processing. Such thermal cycling may undesirably 
result in a relatively large oxygen reduction in the dielectric material of the capacitor 
13. 

The capacitor 13, generally includes a first electrode 14, a dielectric material 
or layer 1 6, and a second electrode 18. The two electrodes 14, 1 8 can be made of a 
wide variety of conductive materials. The electrodes may be formed of any 
conductive material typically used in fabricating integrated circuit capacitors. For 
example, such materials include metals such as titanium, copper, and aluminum, or 
may include doped silicon, doped polysilicon, platinum, etc. The first and second 
electrodes 14 ? 18 are typically in the form of films or plates. In some instances, the 
electrodes may be referred to as the storage node electrode and the cell plate 
capacitor electrode. It should be recognized that the terms electrode, plate, and 
electrode plate are used interchangeably herein. Further, in some instances, the first 
and second electrodes parallel one another in configuration, i.e., they take the same 



general shape and configuration, on opposing sides of the thin film of dielectric 
material. 

The dielectric material 16 preferably includes a high dielectric constant 
material that separates the two electrodes 14, 18. Typically, the dielectric material is 
formed as a thin film of less than about 1 ,000 angstroms. According to the present 
invention, the dielectric material may be any oxide dielectric material, such as metal 
oxides (e.g., Ti0 2 , W0 2 , Ta 2 0 5 , BST, and A1 2 0 3 ). Further, the dielectric material 
may include a silicon dioxide/silicon nitride composite layer. Preferably, the 
dielectric material is a high dielectric constant material having a dielectric constant 
of about 10 or more. 

In accordance with the present invention, the integrated circuit structure 10 
includes a region 20 of the substrate assembly 12 over which lies at least a portion 
of the electrode 14 of capacitor 13. Further, the structure 10 further includes a layer 
22 on at least a portion of the electrode 1 8 of capacitor 13. In accordance with the 
present invention, either the region 20, or the layer 22, or both is formed of any 
excess oxygen containing oxide material. Preferably, the layer 22 and region 20 
cover as large an area of the electrode as possible. The excess oxygen containing 
regions or layers, such as an ozone enhanced BPSG film, act as a steady supplier of 
oxygen atoms during post capacitor formation thermal cycles such that the dielectric 
layer substantially maintains an oxygen content after such post capacitor formation 
which inhibits undesirable leakage. 

The post capacitor formation thermal cycles utilized for processing one or 
more layers after the capacitor structure 1 3 has been formed results in a loss of 
oxygen or reduction of such dielectric materials. For example, one such thermal 
cycle includes the alloying of the completed or near completed wafer in a hydrogen 
atmosphere at a temperature of about 400 to about 500. Such alloying in hydrogen 
is a major oxygen reduction thermal cycle, capable of reducing the oxygen 
concentration of the dielectric and increasing the leakage current of the capacitor. 



With the use of an excess oxygen containing film, such as an ozone 
enhanced BPSG, the excess oxygen containing films act as a steady supplier of 
oxygen atoms during such post capacitor formation thermal cycles. From 
knowledge of the amount of oxygen released during various thermal cycles, the 
amount of excess oxygen necessary in the ozone enhanced material when deposited 
to reduce leakage effects can be determined. Thus, with a predetermined 
concentration of excess oxygen contained in the ozone enhanced material when 
formed, a capacitor 13 maintaining high capacitance per unit area can be fabricated 
with a very low leakage current because the oxygen content is substantially 
maintained during the post capacitor formation processing. This prohibits 
conductive paths from being created from electrode to electrode in capacitor 13 and 
causing relatively high leakage currents (i.e., relatively high leakage currents being 
about 3x1 0" 7 A/cm 2 @ 1 volt or more). 

The excess oxygen containing region 22 or layer 20 may be any material 
which can be formed with excess oxygen to be supplied during the formation of post 
capacitor formation layers 1 9. Preferably, the excess oxygen containing regions or 
layers are formed of an ozone enhanced oxide material. The ozone enhanced oxide 
material may be a doped ozone enhanced oxide material, such as 
borophosphosilicate glass (BPSG) or phosphosilicate glass (PSG). More preferably, 
the ozone enhanced oxide material is an ozone enhanced tetraethylorthosilicate 
(TEOS) material. The ozone enhanced TEOS layer may be a doped ozone enhanced 
TEOS material. For example, the doped TEOS may be doped with boron and 
phosphorous in a concentration ranging from 0 percent to about 5 percent boron and 
0 percent to about 8 percent phosphorous. 

In accordance with the present invention, the excess oxygen containing 
region 20 or layer 22, e.g., ozone enhanced oxide material, preferably has an oxygen 
concentration of about 66.7 percent to about 76.6 percent. In other words, an excess 
concentration of oxygen in the range of about 0.01 percent to about 10 percent is 
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available for use in accordance with the present invention. The oxygen enhanced 
region 20 or layer 22 preferably includes enough excess oxygen such that, during 
formation of post capacitor formation layers 19, the oxygen concentration of the 
high dielectric capacitor layer 16 is substantially maintained. For example, an ozone 
enhanced TEOS layer would preferably include an initial oxygen concentration 
when formed sufficient for supplying oxygen during post capacitor formation 
thermal cycles to eliminate or substantially reduce the oxygen reduction in the 
capacitor dielectric resulting from such thermal cycling. Such post capacitor 
formation thermal cycles may include temperatures in the range of ambient 
temperature to about 1000°C. 

In the method of forming capacitor 13, electrode 14 is formed relative to 
substrate assembly 12 as would be known to one skilled in the art depending upon 
the conductive material utilized for the electrode 14. For example, the electrode 14 
may be a doped region of a silicon substrate as described in the illustrative capacitor 
structures below or the electrode 14 may be an electrode of a container capacitor 
structure wherein the electrode is formed relative to an oxide layer (e.g., an ozone 
enhanced BPSG) such as shown in Figure 2. Thereafter, the desired dielectric 
material 16 is formed on at least a portion of the first electrode 14 and the second 
electrode is then formed on the dielectric material 16. Any suitable technique for 
forming the desired dielectric layers and electrodes may be used in accordance with 
the present invention. 

The wafer including the capacitor 13 is then positioned in a reaction chamber 
whereupon the ozone enhanced oxide layer 22 is formed on at least a portion of the 
electrode 1 8. It should be apparent that the same process as described below for 
forming the layer 22 may also be used for forming the region 20 according to the 
present invention. One skilled in the art will recognized that there may be various 
other ways of achieving the excess oxygen containing oxide layer according to the 
present invention and is not limited to the illustrative method described below. 



As described above, the excess oxygen containing material is preferably, 
ozone enhanced TEOS having an excess concentration of oxygen of about 0.01 
percent to about 10 percent. To achieve such oxygen concentration, the ozone 
enhanced TEOS layer 22 is preferably deposited at a pressure in the range of about 1 
torr to about 600 torr and at a temperature in the range of about 200 °C to about 
600°C by reacting TEOS with ozone (0 3 ). More particularly, a carrier gas (e.g., 
nitrogen), is bubbled through liquid TEOS to provide a gas mixture of controlled 
TEOS partial pressure in the reaction chamber. Preferably, the gas mixture of 
controlled TEOS partial pressure is provided to the reaction chamber at a flow rate 
of about 400 mg/min to about 600 mg/min. Ozone flow rate to react with the TEOS 
in the reaction chamber is in the range of about 2 slm to about 4 slm at a percentage 
weight of ozone of about 10 percent to about 15 percent. For example, a 12 percent 
ozone may be provided at a rate of about 3 slm for reaction with TEOS provided at a 
flow of 475 mg/min. 

The deposition rate of the ozone enhanced TEOS layer 22 depends at least 
upon the TEOS partial pressure and temperature of the deposition process. Further, 
the oxygen concentration of the ozone enhanced TEOS layer 22 may be increased 
by increasing the flow of ozone into the reaction chamber or by varying the 
temperature of the chemical vapor deposition process. For example, with an 
increase in temperature, the reaction of TEOS with ozone is increased resulting in an 
increased amount of oxygen in the ozone enhanced TEOS layer 22. One skilled in 
the art will recognize that any method of depositing the oxygen rich TEOS layer or 
any other layer of rich in oxygen material may be used as long as the required 
concentration levels are attained which can serve as the supplier of oxygen during 
post capacitor formation thermal cycles. 

As described previously, the ozone enhanced TEOS layer 22 may be a doped 
ozone enhanced TEOS layer. For example, such a doped ozone enhanced TEOS 
layer may include a certain percentage of phosphorous or boron. As known to one 
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skilled in art, for example, the TEOS layer may be doped with boron by flowing a 
source of trimethylborate (TMB) to the reaction chamber during the deposition of 
the TEOS layer 22. As would be known to one skilled in the art, various other 
dopants typically utilized with TEOS or other oxides may be used. 

The following description with reference to Figures 2-5 provides illustrative 
embodiments of capacitors formed in accordance with the present invention utilizing 
excess oxygen containing regions and layers. One skilled in the art will recognize 
that such description is only for illustrative purposes and that the present invention 
may be utilized with any integrated circuit having a capacitor. Particularly, the 
illustrations of Figures 2-5 are of portions of memory devices. However, the present 
invention is in no manner limited to such illustrative memory devices. 

Figure 2 depicts a cross-section of a structure 30 including a container cell 
capacitor on a substrate assembly 32. Container portion 48 of the capacitor connects 
to diffusion area 36 of the substrate assembly 32. The container portion 48 serves as 
the storage node electrode. Diffusion area 36 is accessed by word line 42 (separated 
by gate insulator 44) which in turn spans the channel's active area between diffusion 
areas 36. For example, the container portion 48 is polysilicon doped to the same 
conductivity type as underlying diffusion region 36 to ensure good ohmic contact. 
The substrate assembly 32 further includes an oxide 46 providing an insulating layer 
between underlying topography and subsequent layers and also includes field oxide 
region 38. The oxide 46 wherein the container portion 48 is formed, may be an 
ozone enhanced oxide material in accordance with the present invention. The 
capacitor of the structure 30 including container portion 48 further includes high 
dielectric material 50 formed over the container portion 48 and other structures of 
the substrate assembly 32. The other electrode 52, such as a conformal polysilicon 
layer, blankets the high dielectric material 50 and serves as a common capacitor cell 
electrode to an entire array of similar capacitors (not shown). The structure 30 
further includes an ozone enhanced TEOS layer 57 according to the present 
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invention. It will be recognized that an ozone enhanced TEOS layer deposited as 
described above exhibits excellent step coverage. Therefore, for example, the layer 
57 can wrap around otherwise difficult edges, plates, etc. (e.g., edge 55 of electrode 
52) and further provide dielectric oxygen loss protection. Layer 57 may replace a 
conventionally deposited insulator layer previously formed in other process methods 
for forming a memory cell or may be an additional layer formed in addition to layers 
formed in accordance with such conventional processes. From this point on, the 
wafer is completed using conventional fabrication process steps generally 
represented by region 53, i.e., post capacitor formation layers. Such a container 
capacitor structure is described in further detail in U.S. Patent No. 5,270,241 
(Dennison et al) entitled "Optimized Container Stack Capacitor DRAM Cell 
Utilizing Sacrificial Oxide Deposition and Chemical Mechanical Polishing." 

Figure 3 shows a planar memory cell structure 60 which includes a high 
dielectric constant layer 76 formed on an n+ type silicon region 74 which serves as 
one electrode plate of the capacitor. As shown, the dielectric layer 76 can also be 
deposited on other portions of the substrate assembly 62, such as field oxide 75 and 
TEOS spacers 68, 70. The polysilicon region 78 forms the top electrode of the 
capacitor. The n+ type silicon region 74 is formed in the p type silicon substrate 64 
of the substrate assembly 62. The other regions, not previously mentioned, used in 
forming the transistor of the structure 60 include polysilicon region 66 and gate 
oxide 72. The structure 60 further includes an ozone enhanced TEOS layer 79 
formed according to the present invention. 

A stacked capacitor cell structure 80 is shown in Figure 4. The structure 80 
includes a dielectric material 94 deposited on the polysilicon layer 92, which serves 
as the lower electrode of the capacitor of the memory cell. As shown, the film 94 
may also be deposited on the field oxide 93 and TEOS layer 90 of the substrate 
assembly 82. Polysilicon region or layer 96 forms the upper electrode of the 
capacitor. The n+ type silicon region 86 is formed in the p type silicon substrate 84 



of substrate assembly 82. The other region, not previously mentioned, used in 
forming the transistor of the cell includes polysilicon region 89 and gate oxide 88. 
The structure 80 further includes an ozone enhanced TEOS layer 95 according to the 
present invention formed over the electrode 96. 

Figure 5 shows a trench capacitor cell structure 100 with dielectric layer 116 
deposited on n+ type silicon 1 14. The n+ type silicon 1 14 serves as the first 
electrode of the capacitor. As shown, the dielectric layer 116 may also be deposited 
on the field oxide 106 and TEOS film or region 1 12 of the substrate assembly 102. 
The n+ type silicon region 1 14 is formed in the p type silicon substrate 104 of the 
substrate assembly 102. The other regions, not previously mentioned, used in 
forming the transistor of the cell structure 100 include polysilicon region 1 10 and 
gate oxide 108. The structure 100 further includes an ozone enhanced TEOS layer 
107 according to the present invention formed over a portion of the electrode 118. 

As previously indicated, the above memory cell configurations or structures 
are for illustration only. They are not to be taken as limiting to the present 
invention. For example, other types of capacitor structures may include excess 
oxygen containing regions or layers as described herein and which may also benefit 
from the present invention as described herein. 

All patents, patent documents, and publications cited herein are incorporated 
by reference as if individually incorporated. The foregoing detailed description has 
been given for clarity of understanding only. No unnecessary limitations are to be 
understood therefrom. The invention is not limited to the exact details shown and 
described because variations obvious to one skilled in the art will be included within 
the invention as defined by the accompanying claims. 
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